In vitro and in vivo evaluations of the metabolism, pharmacokinetics, and bioavailability of ester prodrugs of L-767,679, a potent fibrinogen receptor antagonist: an approach for the selection of a prodrug candidate.
The present study demonstrates the utility of an in vitro-in vivo correlative approach in the selection of an optimum prodrug candidate of L-767,679 (N-([7-(piperazin-1-yl)-3,4-dihydro-1(1H)-isoquinolinone-2-yl]acetyl)-3(S)-(ethynyl)-beta-alanine), a potent fibrinogen receptor antagonist. As an initial screening step, a comparative in vitro hepatic metabolism study was conducted for L-767,679 and a series of aliphatic and aromatic ester prodrugs in dogs, monkeys, and humans. In all species, the active acid L-767,679, but not the ester prodrugs, was resistant to metabolism. Only the methyl, ethyl, and isopropyl esters were converted exclusively to the active acid in liver microsomal preparations from dogs and humans, and thus were selected for further studies. In the preparations from monkeys, all of the esters investigated were metabolized efficiently to both the active acid and several other products. The absolute formation rates of L-767,679 from the esters followed the rank order: methyl approximately ethyl > isopropyl in all species, and in humans > dogs for the three esters. The three ester prodrugs did not undergo appreciable hydrolysis in blood or upon incubation with intestinal S9 from any of the studied species. In vivo evaluation of the previous three aliphatic esters in dogs and monkeys supported the in vitro findings. L-767,679 was metabolically stable in both dogs and monkeys. After intravenous administration of the prodrugs to either species, the extent of acid formation was higher in dogs than in monkeys. In addition, the extent of L-767,679 formed from these prodrugs followed the rank order: methyl approximately ethyl > isopropyl. Similar results were obtained after oral dosing of the prodrugs, such that the bioavailability of L-767,679 was higher in dogs than in monkeys, and the bioavailability was higher after the ethyl ester than after the isopropyl prodrug in both species. In either species, both ethyl and isopropyl ester prodrugs were better absorbed than L-767,679. Overall, the results suggested that the bioavailability of the active acid after administration of an ester prodrug was dictated primarily by two factors, viz.:1) the relative rates of ester hydrolysis versus competing metabolic reactions and 2) the absolute rates of ester hydrolysis. In the case of L-767,679 prodrugs, absorption was not a limiting factor. Consequently, the bioavailability of L-767,679 after oral administration of the ester prodrugs would likely be greater in humans than in dogs, and in humans would be higher with the ethyl ester than with the isopropyl ester. On this basis, the ethyl ester was considered as a promising candidate for clinical evaluation as a fibrinogen receptor antagonist prodrug.